Loss of cached foods is a constant threat to animals that hoard food, and pilfering plays an important role in the evolution of hoarding strategies. Although pilfering is known to affect the behavior of scatter hoarders, pilfering has been assumed to be less important for larder-hoarding animals. In this study, I used a mark-recapture study of cached Norway spruce (Picea abies) cones to quantify pilfering rates in larder-hoarding red squirrels (Tamiasciurus hudsonicus). Red squirrels stole 26% of the cones that they ate and lost 25% of the cones cached in their middens. Most squirrels stole cones (97%) and lost cones to stealing (92%). However, individual squirrels stole 1-100% of the cones that they ate and lost 1-84% of the cones cached in their middens. Numbers of cones gained by and lost to stealing were not related to the age or sex of individual squirrels or the distances between or numbers of cones cached in individual territories. Squirrels with small middens, however, ultimately gained cones, and those with large middens lost cones. Because food is frequently a limiting resource for red squirrels, these changes in food abundance may directly affect the fitness of individual squirrels. Thus, pilfering likely plays an important role in shaping the hoarding and defensive behaviors of larder-hoarding animals.
Loss of cached foods is a constant threat to animals that hoard food. Pilfering, which occurs when 1 individual steals food harvested or cached by another individual, is thought to play an important role in the evolution of different hoarding strategies (Andersson and Krebs 1978; Stapanian and Smith 1978; Vander Wall 1990; Vander Wall and Jenkins 2003) . Food-hoarding strategies span a continuum from highly dispersed (scatter hoards) to highly clumped (larder hoards). Scatter hoarders typically place 1 or a few food items in many small, scattered caches. In contrast, larder hoarders cache all or most of their food in 1 or a few centrally located caches or middens.
The evolution of these hoarding strategies is thought to depend on the abilities of individuals to defend their caches against pilfering. The use of any 1 strategy should increase the probability that the individual creating a cache recovers more of the food than alternative strategies (Andersson and Krebs 1978; Smith and Reichman 1984; Stapanian and Smith 1978; Vander Wall 1990; Vander Wall and Jenkins 2003) . Animals that cache foods that are difficult to defend typically scatter hoard, and the threat of pilfering plays an important role in determining the spatial distribution of their caches Kramer 1994a, 1994b; Clarkson et al. 1986; Cowie et al. 1981; Daly et al. 1992; James and Verbeek 1983; Jenkins and Peters 1992; Jenkins et al. 1995; Lahti and Rytkönen 1996; Smith 1978, 1984; Wauters et al. 1995) . Larder hoards, on the other hand, are thought to be limited to those animals that can effectively defend their caches against pilfering (Smith and Reichman 1984; Vander Wall 1990) ; however, little is known about the occurrence of pilfering in larder hoarders (but see Daly et al. 1992; McKechnie et al. 1994) .
In this study, I measured pilfering rates in larder-hoarding red squirrels (Tamiasciurus hudsonicus). Red squirrels consume a wide variety of foods (Gurnell 1987; Layne 1954; Smith 1981) . However, seeds, especially conifer seeds, are the critical food resource determining overwinter survival, and red squirrels cache numerous conifer cones for sustenance during the winter (Gurnell 1987; Kemp and Keith 1970; C. C. Smith , 1981 . Once conifer cones are cached, they generally are not eaten by other species, except small, invertebrate seed predators and large omnivores such as grizzly bears (Mattson and Reinhart 1997; C. C. Smith , 1981 . Thus, the only competitors that red squirrels can defend against are other red squirrels. Red squirrels are territorial and vigorously defend their territories against conspecifics (Gurnell 1987; Rusch and Reeder 1978; Smith 1981) . However, pilfering does occur Hatt 1929; , as red squirrels steal cones directly from the middens of other squirrels or while other squirrels are harvesting and dropping cones to the ground (F. Gerhardt, in litt.). During any 1 stealing bout, squirrels steal 1-25 cones. In most instances, squirrels stop stealing when the territory holder returns to its territory or descends from the tree where it was harvesting cones and chases the intruder away.
In this paper, I show that pilfering is a common foraging strategy for red squirrels and likely plays an important role in shaping both their hoarding and defensive behaviors. I used a mark-recapture approach to quantify pilfering rates of Norway spruce (Picea abies) cones cached by larder-hoarding red squirrels. Specifically, I addressed 3 questions: What proportions of cached cones are stolen? How do pilfering rates vary among individual red squirrels? Does pilfering alter food abundance for individual squirrels? Throughout this paper, I define ''pilfering'' or ''stealing'' as 1 squirrel eating or caching cones originally harvested or cached by another squirrel.
METHODS
I studied pilfering by red squirrels inhabiting a mixed deciduousconiferous forest in Norwich, Vermont (438439000N, 728219300W). The dominant trees included eastern white pine (Pinus strobus), eastern hemlock (Tsuga canadensis), sugar maple (Acer saccharum), red maple (Acer rubrum), northern red oak (Quercus rubra), white birch (Betula papyrifera), and Norway spruce. Red squirrels eat the cones or fruits of all these species, except paper birch, but they only cache cones of the 3 conifer species and the acorns of red oaks (F. Gerhardt, in litt.) . This study focused on the red squirrels inhabiting a 3.5-ha Norway spruce stand that consistently had high densities of red squirrels (2.9-9.4 individuals/ha during [1997] [1998] [1999] [2000] [2001] .
I identified all resident squirrels and active territories during September-October 1998. Individual squirrels were not marked, so territories were delineated by mapping the locations where individual squirrels made territorial calls, fed, or remained stationary for .2 min. These activities are generally confined within home territories in this and other populations of red squirrels Price et al. 1986; F. Gerhardt, in litt.) , especially during the fall when territory boundaries were mapped. The age and sex of each territory holder were determined based on the criteria described by Layne (1954: 242) .
For red squirrels, territory quality is largely a function of food abundance, especially annual cone crops (Rusch and Reeder 1978; M. C. Smith 1968) . Although the total number of cones produced in each territory is a better measure of territory quality, I was unable to estimate this number. However, the squirrels generally harvested most cones produced by Norway spruce each year (F. Gerhardt, in litt.). Thus, I measured territory quality by counting the number of conifer cones cached in all middens in each territory. However, as demonstrated in this study, pilfering redistributed cones among territories and stealing did occur before I counted the cones. Furthermore, the squirrels at this site did not cache all of their cones in middens (F. Gerhardt, in litt.) . Thus, the number of cached cones in each territory provided an index, rather than an absolute measure, of territory quality.
Pilfering rates were measured by a mark-recapture study of cached cones. During September-October 1998 after most cones had been harvested, I marked 2,765 newly harvested Norway spruce cones at 25 middens [ X ¼ 111 6 27 cones per midden (median ¼ 121, range ¼ 29-148)]. Marked cones represented a subset of cones cached in each midden. I marked each cone with either nontoxic, fast-drying enamel paint on both the proximal and distal ends or a colored map pin inserted in the proximal end of the rachis. The color of paint or pin identified the midden in which the cone was originally marked (the ''source midden''). During April-May 1999, I recovered 1,485 marked cones or raches of eaten cones that could be associated with specific source middens (54% of the cones originally marked). All recovered cones or raches were assumed to have been eaten or cached by the holder of the territory in which I recovered them, because red squirrels generally feed and cache cones only in their home territories Price et al. 1986 ). An additional 281 cones (10% of the marked cones) were relocated but could not be associated with specific territories, because they were relocated outside known territories (126 cones) or were missing the colored heads of the map pins (155 cones).
Pilfering rates were calculated by reversing the equation for the Lincoln-Peterson index and correcting for the proportion of marked cones that I recovered from each source midden. Thus, the number of cones moved from each source midden to each territory (Cones) was estimated by the equation:
where Cached is the number of cones originally cached in that source midden, Recaptured is the number of marked cones from that source midden that I recovered in that territory, Marked is the total number of cones originally marked in that source midden, and Fraction is the proportion of all cones marked in that source midden that I recovered [
Because this proportion could not be calculated for individual pairs of territories, these values represent the proportion across all territories, including the source territory, in which cones from each source midden were relocated. Pilfering rates were quantified as the numbers and percentages of cones that each squirrel gained by and lost to stealing. For each squirrel, the number of cones gained by stealing equaled the sum of the numbers of cones stolen from all other squirrels. The number of cones lost to stealing equaled the sum of the numbers of cones lost to all other squirrels. The percentage of cones gained by stealing equaled the number of cones gained by stealing divided by the estimated number of cones cached by that squirrel, which equaled the sum of the numbers of cones lost and not lost to stealing. The percentage of cones lost to stealing equaled the number of cones lost to stealing divided by the estimated number of cones cached by that squirrel.
Pilfering rates were analyzed to identify the characteristics of individuals that stole and lost cones to stealing and the consequences of pilfering for individual squirrels. In all analyses, individual squirrels or territories were the sample units. I used Pearson correlation to analyze the correlation between numbers of cones gained by and lost to stealing. I used fixed-effects analysis of variance (ANOVA) to analyze the numbers of cones gained by and lost to stealing in relation to the age and sex of individual squirrels. I used linear regression to analyze the numbers of cones moving between pairs of territories in relation to the distances between the central middens in those territories, which were measured from a map of active middens. To determine whether pilfering rates were related to territory quality, I used linear regression to analyze the numbers of cones gained by and lost to stealing in relation to the number of cones cached in each territory. To test whether there was a net movement of cones among territories, I used a 1-tailed t-test (Zar 1996:329-330 ; b ¼ 1, which indicates no net movement) to test whether the number of cones recovered in each territory in spring 1999 differed from the number cached in autumn 1998. Results are presented as means 6 1 SD.
This research conformed to the guidelines of the American Society of Mammalogists (Animal Care and Use Committee 1998) .
Caveats.-The estimates of pilfering rates were subject to several possible sources of error. First, I recovered only 1,485 of the 2,765 marked cones despite searching the entire Norway spruce stand and 50 m into the surrounding forest for marked and unmarked cones. Only 1 active territory occurred within 50 m of the Norway spruce stand, and I only found 1 marked and ,50 unmarked Norway spruce cones .10 m from the Norway spruce stand. I found no marked or unmarked Norway spruce cones in active red squirrel territories .50 m from the Norway spruce stand. Furthermore, no other Norway spruce grew within 500 m of the study stand. Thus, it is unlikely that marked or unmarked cones were lost to or gained from squirrels outside the Norway spruce stand.
This study may have overestimated pilfering rates. I only marked cones cached in middens, and these cones may have had a higher probability of being stolen than cones cached underground or in trees. I also probably undercounted the number of cones cached by each squirrel. Other studies have shown that the proportions of cones cached in middens differ among sites and may represent ,50% of the cones cached by individual squirrels (Dempsey and Keppie 1993; Hurly and Lourie 1997; Hurly and Robertson 1990) . In this study, I recovered 54,571 raches of eaten cones in the spring of 1999, but I counted only 23,259 cached cones in the fall of 1998. Thus, only ;43% of the cones may have been cached in middens when I counted and marked them. The remainder may have been scattered among small caches, cached underground or in trees, or were unharvested when I counted cones.
Alternatively, this study may have underestimated pilfering rates. At least some cones were stolen in the 1-2 months between when they were harvested and when I marked them (F. Gerhardt, in litt.). Marked cones were also considered to have been stolen only 1 time when I recovered them in a different territory from the one where they were marked. However, at least some cones were stolen multiple times by different squirrels (F. Gerhardt, in litt.). Collectively, these uncertainties make it difficult, if not impossible, to determine whether this study underestimated or overestimated pilfering rates.
RESULTS
During the winter of 1998-1999, some 29 red squirrels occupied territories in the Norway spruce stand. These squirrels included 5 juvenile females, 12 juvenile males, 1 adult female, and 3 adult males plus 3 females and 2 males of unknown age and 1 juvenile of unknown sex. Age and sex of the remaining 2 squirrels were unknown. Each squirrel hoarded 802 6 647 newly harvested Norway spruce cones (median ¼ 808, range ¼ 0-2,236). In addition, each squirrel also hoarded 159 6 188 older Norway spruce cones and 1 6 2 white pine cones. The numbers of cones cached were related to sex but not age of individual squirrels (Table 1) : Males cached significantly more cones than females (males ¼ 1,211 6 788, females ¼ 737 6 721).
Pilfering was a common foraging strategy for the red squirrels in this study. Of 29 squirrels, 28 (97%) stole cones, and they stole 151 6 170 cones (median ¼ 127), representing 26 6 28% of the cones that they ate or that were remaining in their middens in the spring. Of 25 squirrels, 23 (92%) lost cones to stealing, and they lost 186 6 247 cones (median ¼ 65), representing 25 6 24% of the cones cached in their middens. All squirrels either stole cones or lost cones to stealing, and 26 squirrels (88%) both stole cones and lost cones to stealing.
Individual squirrels differed markedly in numbers and percentages of cones that they stole. Twenty-eight squirrels stole ,362 cones each; the 29th squirrel stole 831 cones (Fig.   1a ). However, 9 squirrels stole .60% of the cones that they ate, but the remaining 20 stole ,45% (Fig. 1b) . Individual squirrels also differed markedly in numbers and percentages of cones that they lost to stealing. Eighteen squirrels each lost ,195 cones; 5 lost 319-488 cones; and 2 lost .800 cones (Fig. 2a) . In terms of percentages, 1 squirrel lost .80% of the cones that it cached; 11 lost 23-68%; and the remaining 13 lost ,16% (Fig. 2b) . To illustrate patterns of stealing, I present data for 2 squirrels (Fig. 3) : an adult male, who stole 15% of the cones that he ate and lost 11% of the cones that he cached, and a juvenile male, who stole 95% of the cones that he ate and lost 48% of the cones that he cached.
Numbers of cones gained were not correlated with numbers lost by individual squirrels (Pearson correlation; r ¼ 0.044, t ¼ 0.212, d.f. ¼ 23, P ¼ 0.834). Numbers of cones gained by and lost to stealing were also not related to the age or sex of individual squirrels (Table 1) . Mean distance between source middens and middens to which pilfered cones were taken was 49 6 26 m (median ¼ 44, range ¼ 21-153). However, numbers of cones stolen between territories were not related to distances between the central middens in those territories (linear regression; R 2 ¼ 0.033, F ¼ 2.684, d.f. ¼ 1, 79, P ¼ 0.105). Thus, red squirrels did not steal more cones from nearby than from more distant territories. However, most cones (77%) were stolen between adjacent territories; the remaining cones were carried across 1 (19%), 2 (2%), or 3 (3%) intermediate territories. However, it is unknown what proportions of these greater distances represented single and multiple stealing events. On many occasions, I did observe squirrels crossing intermediate territories to steal cones from more distant territories.
Pilfering rates were not related to territory quality. Numbers of cones gained by stealing were not related to numbers of cones cached in each territory (linear regression; R 2 ¼ 0.078, F ¼ 1.940, d.f. ¼ 1, 23, P ¼ 0.177). Numbers of cones lost to stealing were also not related to numbers of cones cached in each territory, although numbers of cones lost tended to increase with increasing numbers of cones cached (linear regression; Although pilfering rates were not related to numbers of cones cached in each territory, pilfering ultimately caused net changes in numbers of cones found in each territory. Numbers of cones recovered in each territory in spring 1999 (including cones originally cached in each territory plus those stolen from other territories) were significantly different from numbers cached in those same territories in autumn 1998 ( Fig. 4 ; 1-tailed t-test; R 2 ¼ 0.812, t ¼ À3.235, d.f. ¼ 27, P , 0.01). In general, squirrels that cached ,813 cones showed net gains in numbers of cones, and those that cached .813 cones showed net losses (mean gain for squirrels with ,813 cones ¼ 157 6 208 cones, mean loss for squirrels with .813 cones ¼ 168 6 275; F ¼ 13.016, d.f. ¼ 1, 27, P ¼ 0.001). Thus, pilfering resulted in a net movement of cones from high-to low-quality territories.
DISCUSSION
Pilfering was a common foraging strategy for the red squirrels in this study. Most squirrels both stole cones and lost cones to stealing; however, individual squirrels differed markedly in numbers and percentages of cones that they stole and lost to stealing (Figs. 1 and 2) . Nine squirrels stole .60% of the cones that they ate and relied on pilfering as a strategy to increase their food resources. In contrast, the remaining 20 squirrels stole ,45% of the cones that they ate and either adopted a mixed foraging strategy (sensu Barnard and Sibly 1981) of both harvesting and stealing cones or fed primarily on cones that they harvested themselves. This individual variation in foraging strategy broadly paralleled that observed in hoarding strategy, as individual squirrels differ in the numbers and percentages of cones that they scatter or larder hoard (e.g., Hurly and Lourie 1997) .
Few other studies of pilfering, or kleptoparasitism in general, have quantified the proportions of individuals that stole or the proportions of their food intake that were stolen. These studies generally found that pilfering was less common than observed in this study. For example, 0-44% of larder-hoarding pikas (Ochotona princeps) stole hay from neighboring pikas, but, like the red squirrels in this study, many of these individuals were repeat offenders (McKechnie et al. 1994) . In terms of proportions of food stolen, sea stars (Leptasterias polaris) lost approximately 10% of their prey to interspecific kleptoparasites (Morissette and Himmelman 2000) . Steele and Hockey (1995) predicted that the food intake of kelp gulls (Larus dominicanus) would be maximized when they allocated 15% of their foraging effort to stealing. Thus, the red squirrels in this study stole substantially more of their food intake (26%), and substantially more individuals stole food (97%) than has been reported for other facultative kleptoparasites. Pilfering rates are likely to depend on characteristics of both the pilferers and the foods being pilfered. Brockmann and Barnard (1979) proposed that stealing should occur under the following conditions: large numbers of potential targets for pilfering; large numbers of food items in 1 location; large, high-quality food items; predictable food supply; highly visible food; and an overall shortage of food (see also Sirot 2000; Thompson 1986 ). The red squirrels in this study clearly met all but the last of these conditions. The Norway spruce stand consistently supported high densities of red squirrels [2.9-9.4 individuals/ha during 1997-2001 (compared with 0.5-5.0 individuals/ha in other studies; see Wheatley et al. 2002) ]. In addition, Norway spruce cones are large, high-quality food items (Grönwall 1982; Lurz 1995; Lurz et al. 2000) , and large numbers of these cones were predictably found in large, highly visible middens (personal observation). However, it was unclear whether there was an overall shortage of food during this study. In autumn 1998, both cone production and red squirrel abundance reached their highest levels during 1997-2001. In contrast, per capita cone availability was intermediate (848 cones/individual in 1998 compared with 94-1,251 cones/ individual during 1997-2001) , and pilfering rates may ultimately depend on per capita food availability, rather than absolute food abundance. Based on the prevalence of these conditions, it is not surprising that pilfering was a common foraging strategy for the red squirrels in this study. However, it remains unclear whether pilfering would be a common foraging strategy in years when cones and/or squirrels are less abundant.
Other populations of red squirrels and other species of larder hoarders may rely less on pilfering as a foraging strategy. In particular, red squirrels inhabiting forests dominated by species other than Norway spruce or where cones are scattered among many small caches may rely less on pilfering. Small cones, such as red spruce (Picea rubens) and eastern hemlock, offer less energy and nutritional value per cone and are likely to be less easily located by pilferers because they typically are scattered among many small caches (Dempsey and Keppie 1993; Hurly and Lourie 1997; Hurly and Robertson 1990; C. C. Smith , 1981 . Pilfering these cones may offer fewer benefits and/or require greater effort than Norway spruce cones.
Individual variation in pilfering may reflect differences in propensity for and vulnerability to pilfering. In species that steal food directly from one another, rates of pilfering are often related to the dominance, age, or sex of the individuals involved   FIG. 3. -Numbers of Norway spruce cones gained by and lost to stealing by 2 red squirrels during the winter of 1998-1999. The adult male (top) stole 15% of the cones that he ate and lost 11% of the cones that he cached; the juvenile male (bottom) stole 95% of the cones that he ate but lost 48% of the cones that he cached. The star represents the central midden of the focal squirrel, and the adjacent number indicates number of cones remaining in the territory where they were originally cached. Each dot represents the central midden of a neighboring squirrel, and the adjacent number indicates number of cones stolen from or lost to that neighbor. (Ens and Goss-Custard 1984; Ens et al. 1990; LeSchack and Hepp 1995; Steele and Hockey 1995; Tuckwell and Nol 1997) . Adult and male red squirrels are generally dominant and occupy better territories than juveniles or females (Rusch and Reeder 1978) . In this study, the numbers of cones cached by adults and juveniles did not differ, but males cached more cones than females (Table 1) . Despite this difference, numbers of cones gained by and lost to stealing were not related to the age or sex of individual squirrels (Table 1) . For red squirrels, successful pilfering may depend more on ''stealth and cunning'' than strength or dominance, since territory holders almost always win agonistic interactions, regardless of the age or sex of their opponents (Rusch and Reeder 1978; personal observation) .
Pilfering rates were not related to territory quality, measured as the number of cones cached in each territory. This result is somewhat surprising because pilfering may be the only way for squirrels occupying territories containing few or no cones to acquire additional food to avoid starvation during the winter. Squirrels occupying territories with more cones did tend to lose more cones than those occupying territories with few cones. Territories containing many cones likely offer pilferers higher probabilities of successfully stealing cones because the middens in these territories are generally large and highly visible and the cones are often spread among several nearby middens (personal observation). Thus, these cones may be more visible and less easily defended than those in a single small midden, and pilferers likely encounter more cones in less time than in territories with few cones.
Although pilfering rates were not related to territory quality, pilfering ultimately caused net changes in food availability for individual squirrels. In general, squirrels that cached ,813 cones gained cones, and those that cached .813 cones lost cones (Fig. 4) . This number represents approximately 46% of the 1,760 cones eaten by the average squirrel during the winter of 1998-1999. However, it remains unclear whether pilfering enabled individuals to survive that otherwise would have died or reduced the survival or future reproduction of squirrels that lost more cones than they gained. For red squirrels, overwinter survival is greatly reduced in years of low cone production (Rusch and Reeder 1978; M. C. Smith 1968; Wheatley et al. 2002) ; however, food supplementation experiments generally have not increased survival or reproduction (Becker et al. 1998; Klenner and Krebs 1991; Larsen et al. 1997 ). Thus, pilfering may alter overwinter survival and reproduction only in years of low cone production when food is most limiting.
Because pilfering altered resource availability for individual squirrels, pilfering may play an important role in the evolution of both hoarding and defensive strategies. Although pilfering is known to affect the caching behavior of scatter hoarders, the role of pilfering in determining the behavior of larder hoarders is less well understood. Different hoarding strategies are predicted to increase the probability that the individual creating a cache recovers more food than if it had adopted an alternative strategy (Andersson and Krebs 1978; Stapanian and Smith 1978; Vander Wall 1990; Vander Wall and Jenkins 2003) . The results of this study indicate that larder hoarding was an effective hoarding strategy because individual squirrels recovered, on average, more of the cones that they cached (74%) than did conspecifics (26%). Other studies have similarly demonstrated that both larder and scatter hoarding allow individuals to recover more of the foods that they cached than did other individuals (e.g., Brodin and Ekman 1994; Daly et al. 1992; Ekman et al. 1996) .
In contrast to scatter hoarders, which disperse their caches more widely in the presence of competitors (e.g. Clarkson et al. 1986; Lahti and Rytkönen 1996; Stapanian and Smith 1978) , pilfering may cause red squirrels and other larder hoarders to cache their foods in more tightly clumped middens in the centers of their territories. Furthermore, pilfering may also select for those individuals that are more vigilant and that more aggressively defend their territories (Vander Wall and Jenkins 2003) . Although larder hoards may be more effectively defended against conspecifics, they may also offer more obvious targets for pilfering (Vander Wall 1990; Vander Wall and Jenkins 2003) . Thus, pilfering may not only drive the evolution of both hoarding and defensive strategies but may also drive the evolution of behaviors to overcome those strategies.
